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RESEARCHMEMORANDUM

EFFECTSOF SPOILERONAIRFOILPRESSUREDISTRIBUTIONAND

EFFECTSOF SIZEANDLOCATIONOF SPOILERSONTHE

AERODYNAMICCHARACTERISTICSOFA TAPERED

UNSWEPTwmw OFASPECTRATIO2.5

ATA MACHNUMBEROF 1.90

By D.WilliamConnerandMeadeH:Mitchell,Jr.

“suMMmY

b
An investigationhasbeenmadeintheLangley9- by 12-inchsuper-

sonicblowdowntunnelof spoilerson twounsweptwingarrangementsat
● Machnumbersof1.90and1.96 andReynoldsnumbersof2.2x 106and

1.3x 106,respectively. .-

Theresultsofpressure-distributiontestson anunsweptairfoilin
thepresenceofa fuselagebutwithouttipeffectsindicatedthatspoilers
couldbe oppositelydeflectedina inannersimilsrto flap-typeailerons
to obtainrolleffectivenesswithoutlossin lift.Whentheangleof
attackwasincreasedfrom0° to10°,theeffectivenessofa spoiler
pro~ected0.05wingchordabovetheuppersurfaceshoweda slightdecrease,
whereastlx?effectivenessof thesamespoilerprojectedfromthelower
surfacewasalmostdoubletheeffectivenessof theupper-surfacespoiler.

Therollingeffectivenessof spoilersdeflectedfromtheuppersurface-
ofa semispanwingofaspectratio2.5”wasusuallyincreasedas thespoiler
locationwasmovedtoward”thewingtrailingedgeandwaslittleaffectedby
inboardmovement.Spoilerdragdecreasedrapidlyas theangleofattack
wasincreased.Thedataindicatedthat,forcontrolslocatednearthe
wingtrailingedgeand“providingthessmesmountofrollcontrol,spoiler
dragapproachedflap-type-ailerondragat an angleofattackofabout
6°●
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INTRODUCTION“’
. .

r

Inthetransonicandsupersonicspeedrange,spoiler-t~econtrols
canofferdesirable“qualitiesnotalwqysfoti’ndinflaps,suchas”high
controleffectivenessat transonicspeeds,lbwcontrolforces,andlow
wing-twistingmoments.Themaximumcontroleffectivenessthatcan-be““ ““
obtainedwitha spoilermaybe limited,however,sinceiti= difficul-t‘
to ob%in large.projectionsof thespoilerandstilldJOW the ,spoiler”
tobe accommodatedinsidethewingintheretractedposition.Adequate
theoryisnotyetavailabletoevenindicate-trendsof s~oilercharac-
terlstics,andthereforeexperimentalstudiesmustbe usedtoobtain
suchinformation.“Tosupplementtherather-:+imitedexploratorywork
alxeadydoneon spoile%sat t“hesespeeds(seereferences1 and2),
spoilershavebeenincludedfor’in+restigation.ina programbeingcarri.&d
outin theLangley9- by 12-inchsupersonicblowdowntunnelto studyseine
of theeffectsofdesignparameterson controlcharacteristics.To study
in detailtheeffec”tsof spoilerprojectionon Chordwiaeloading,pressure-
distributionmeasurementswereobtainedonanunsweptairfoilinthe
presenceofa fuselagehutwithouttipeffects.These~dataare.presented...
hereinfora Machnumberof1.96. Theexperimentalf&ce”andmoment “
dataobtainedat a Machnumberof1.90of stiilerstes=edinconjunction‘“
withanunsweptsemispanwingofaspectratiQ2.5are“&lsopresented. ““’
A similarinvestigationofplainflap-ty~econtrolshasalreadybeen “’ ‘“”
carriedoutwiththesamewing (reference.3).,

.-.. ..
——
.

—

—

—

.
. .—._

.?“
. .

The airfoil containingpressureorificeshad10-percent-thick
hexagonalairfoilsections”.C!hordwise”-and-spanw’ise-jjf%sstie-distribu”tion“-““’
measurementswereobtainedovertheairfoilin”a regionextendingout :
froma fuselagemountedi.n.thecenterof the:testsection.Testswere
conductedthroughn angle-of-attackra~e o? -10°.to10° at a Reynolds

?!numberof1.3.x”1Owithandwithouta spoilerprojected5 percentof
.-

theairfoilchordandlocated.atthe62-percent-chordstation.
.-:

Thewirigofasject“ratio2.5wasunswe~t”andhad~ taperratio-of ~“=: ___
0.625and6-percent-thickhexagonalairfoilsections.‘Spoilerconfigura-
tionsincludedspansthatvsriedfrom25.to?~”percent”;~fthewingsemispan ~
andchordwi’selocationsthatvariedfron”55“to75percentof thewing
chord.SpoilerswereprojectedfromO to5 ~ercentof’thelocalchord. ““ ~~
The.investigationwascarried.outat a Reynoldsnumber-of2.2x 106,
throughanglesof“attackrangingfrom-4°ti”~o.All~estsweremade ““ -
withthewingin thepresence.ofa fuselage.””:Five-com~nent-forceand- ‘
momentdatawereobtained,and-theresults&e compare”~with-thoseof

...... . .=

thewing-flaptests.reportedinreference3.‘ -.

t

.-+ r’”
— .. .
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COEFFICIENTSAND

Allchtaarepresentedwithrespect

SYMBOLS

to thewindaxes.

c1gross

B c
‘gross

Pmeasured

PStati’c
e

liftcoefficientb-)
\@)

dragcoefficient
()
Drag

qs

pitching-momentcoefficient

.(Pitching )
momentabout0.5E
@a

grossroll.ing-mOmentcoefficient

(Wingpanelroll-i )
ngmoment

2qsll

grossyawing-momentcoefficient

b--Wi nel Yawirlg
)

mcment
2qSb

rolling-momentcoefficient(c~ - cl
gross )gross(h=o)

(‘yawing-momentcoefficientC -Cn,
=gross

)
gross(h=o)

incrementin’coefficientdueto spoilerprojection

pressurecoefficientkmeasured- ‘statiA

orificepressure

testsectionstaticpressure
measurementsof stagnation
testsectionMachnuniber

free-streamdynamicpressure

as determinedfrom
pressureandaverage

exposedsemispan-wingarea(10.00sqin.)
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c

b

bs

Y

x

Yfj

w

meanaerodynamicchordofexposedwingarea
(3.13in.)

.—
~::—.

loc~l”wingchord

twicethedistance”fromthewingrootto thewing
tip(8.13in.)

spoilerspan -—-. . .- ..--.-— ;

spanwisedistancefromfuselage,inches

chordwisedistancefrcma~foii.lea&Lngedge
-.

spanwiselocationof$nboaardendof spoiler.. ... .;.—

h spoilerprojectionnormaltothewing-chordplane

5 flapdeflection

a angleofattack

R Reynoldsnumber

M Machnumber

normaltoflaphinge”line

relativetp free-streamdirection

basedon ~ .

.. ..-.

MODEL -.

Theu-weptairfoilwhich
figure1 andwasfabricatedof

containedpressureorificesis shownin
toolsteelapawassoa_~smgedas to

permitspanwise,movementwitha closeslidingfitthroughthestrut-
mountedbody. The38-percent-chordwe~e-s~pedleadingandtrailing
edgeshad-includedwedgeanglesofabout15°, Thecen~er24percentof
thechordhada constant10-percent-chordthickness.‘Thebrassspoiler
whichwasscrewedtotheairfoilwas0.05cthickandZtsleadingedge~s
locatedatthe62-percen&chordstation.Thetopedge_nsbeveledtoa
knifeedgeas showninfigure1 toapproximatetheairfoilloadingcotii-
tionsproducedby a thinspoilerprojected5 percentof theairfoilchord.
Withspoilerremoved,boththescrewholesiptheairfoilandthenotch “-
inthebodywerefilledwithcold-processme+alsolder:”

A photographof thesemispanwingandthehalf-fupelageinstalled
inthetunneltestsectionispresentedinfigure2. .T1.egeometryof
theconfigurationisdetailedtnfigure3. ‘J!he’bo~hadthesamenose
contourbutwal.25 thescaleof thebodyu“~edinthepressuretests.
Thesteelwing,whichwasalso’usedintheflap-effectivenesstestsof

r
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reference3,wasunsweptat themidchordJ-ine
8 0.625andanaspectratioof2.5basedon the

andhada taperratioof
wingareawhichincluded

thatpartoft& wingenclos’edby thefuselage.The30-percent-chord
wedge~shapedleadingandtrailingedgeshadincludedwedgeanglesof
11.43measuredstreamwise.‘Thecenter.40percentofthechordhada
constant.6-percent-chordthickness.Thespoiler-typecontrolswere
constructedfrom0.030-inchsheetbrassandsolderedin smallmachined
~oovesinthewingnormaltothechordplane(seefig.3). Thetop
edgesofthes~ilerswerethenfileddowntoattainsuccessivepro-
jectionsof5,2,and.1~rcentof thelocalwingchord”.Spoilersof
threedifferentspansweretestedateachofthreechordwiselocations.
Spansandspanwiselocatio~includedtwo,0.25b/2spoilerswiththe
inboardendlocatedat0.70b/2andat 0.4n/2,a 0.50b/2spoilerwith
theinboardendlocatedat0.4~/2,anda 0.75b/2spoilerwiththe
inboardendlocatedat0.20b/2(adjacentto thebody).ChordWise
locationsincludedthe55-,65-,and75-percent-chordstations.

..

TUNNELANDTESTTECHNIQUE

* ThepresenttestswereconductedintheLangley9-by 12-inch
supersonicblowdowntunnelwhichisof thenonreturntypeandwhich

3 utilizestheexhaustairof theLangley19-footpressuretunnel.The
1 atmospheres.absolutepressureoftheinletairIsapproximately25

Subsequenttotheinitialphaseof theprograminwhichtheforce
andmomenttestswerecarriedoutat M = 1.90,heatinganddrying .
equipnentwasinstalledtoproducecondensation-freeflow. The&ch
numberwasincreasedto1.96,andthepressure-distributiontests
werethenmadewiththeairconditionedtoa dewpointof -20°F or
belowandheatedtoa stagnationtemperatureof 170°F orabove.

Forthepressure-distributionteststhedynamicpressureandtest
Reynoldsnumberdecreasedabout8 percentduringthecourseofeachrun
becauseof thedecreasingpressureof theinletair. Theaverage
dynamicpressurewas11poundspersquareinch,andtheaverageReynolds
numberwas1.3x 106. Fortheforceteststhedynamicpressureand
testReynoldsnumberdecreasedabout3.5percentduringthecourseof
eachrun. Theaveragedynsmicpressurewas11.5poundspersquareinch,
andtheaverageReynoldsnumberwas2.2x 106. Inmakingpressure-
distributiontests,thebodywasstrut-mountedin thecenterof the
testsectionandtheuntapered,unsweptairfoilwasextendedthrough
itfromonewallof thetunnel.Theairfoilwasof considerable
lengthandwassoarrangedas tobe movedspanwisethroughthebody.. A bandofpressureorificeswaslocatedontheairfoiland,by span-L tisemovementoftheairfoil,thepressuredistributionoverthe
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airfoilwasmeasured(withouttipeffects)fromthebodyoutboardto
theregionwherewall-reflecteddisturbancesexisted.

Thesetispan-wingmodelwasattachedina cantileverarrangement
througha half-fuselagetoa strain-gagebalapce.!I!belalancemounts
flushwiththetunnelwallandrotate@withthemodelthroughthe
angle-of-attack.range.Tomin3nizethebound~y-layer”effects,the
fuselage~s shimmedout0.25inchfromthetunnelwallandmounted ‘“”1
on thebalancehousing;thusthewirgcould@ testedinthePresence
of,butnotattachedto,thefuselage:Becauseofbalancedeflections
underload,a gapofapproximately0.015inch.wasmaintainedbetween
thewingandfuselageundertheno-loadcondition.The.gapsize

--
..-

limitedtheangle-of-attackrangefrom-4°to8°.
ofthetest-techniquedevelopmentandof’poss~ble
influencethetestresultsisgiveninreferences

ACCURACY

Furtherdiscussion
factorswhichmight .:_

5.

—
w

..<

——
3and.k. .’ —.

Free-stresmMch numberhasbeencalibrated.at1.90and1.96with
variationof ~0.02forthetwotestarrangements.Calibrationwi.ththe
tunnelclearindicatedthatthestaticpressurevaried*1.5percentin

*

thetestsectionregionandthestreamanglevariedfO:250.

NO tarecorrectionshavebeenappliedtoa~ ofth?datapresented.
.h_

In someinstancessmallerrorsinfabricationandmodelsetupcaused
.-

asymmetricalconditionsas indicated(foretiple,int& pitching-
momentdataof fig.8). Theseslightlyasymmetricalconditionswould
not,however,affect
Themagnitudeofthe
of themeasuringand
stream,are”believed

Variable

CL, degrees. . . . .
Cz . .. , . . . .
CL . ● ● * ● ● ‘“*
CD . . . ● . . .. .
Cm . . . . . . . .
Cn . . . . . . . .
P. . . . . . . .

thevalueofthedataforcomparativepurposes.
randomerrorsthatexist~d,basedontheaccuracy
recordingequi~entand.fluctuationoftheair
to be ofthefollowingorder:

Error

fo.05. . . . . . . . . . . . . . . . ...0 .
~omool● . . . . ““.. . . “. . ● i . . . . . . . ~
*O.005. . . . . . . . . . .. . . .. . ● .**-.
to.001● . . . . . . ..0.. 6.*.*. .**
~o.002. . .. . . . . . . . ...0 . ...* ●

20.0002.,.0... ..*.., .?**** !***
~o.oo3. . . . . . . .. .. . . . . ..**. ●

.

-..

—

. In filingthespoilerstoobtainthedesiredQeights~:_heproilect\9:
(h)atallS@nwisestationswasheldwithin~0.001chord.Measuring~ “ ‘_ ~“~

‘0.0005”chord,andthereforetheabsoluteaccuracywasintheorderof - +
valuesof h atanystationareaccuratewitbi.nlimits.of~0.0015chord.

Q “-..—
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RESULTSANDDISCUSSION–

Pressure-DistributionTests

Figure4 presentstheexperimental”pressure-distributiondata .
obtainedwithandwithouta spoilerlocatedon theairfoil.These
curvesarebasedonexperimentalpointsobtainedat intervalsinthe
y-directionof0.1inchimmediatelyadjacentto thebodyand0.25inch
at theoutermoststations.In orderto indicateclearlysmalldifferences
betweencurves,symbolshavenotbeenukedsincemaw experimental
pointsfallon orverycloseto oneanother.Thesedatahavebeen
crossplotted”in figure5 to showthechordwiseloadingon theairfoil
at threespanwisestationsoutfromthebody. Becauseof thelimited
numberof chordwiseorificestations,theexperimentalcurveshave
arbitrarilybeenfairedto havesuddenchangesinpressureat the
airfoil-surfacebreaklinesinthesme manneras thetheoretical
pressuredistributionof theairfoilwithoutspoilerintwo-dh.~snsional
flow(alsogwesentedinfig.5).

G Theresultsof figure5 indicatethatprojectingthes~iler
sectionoutof thewinguppersurfacedidnotchangethepressure
distributionon thelowersurfaceexceptfororificenumberj at

“s zeroangleofattackwherethepressurewaschangeda slightamount.
Thereasonforthischangewasnotclear,althoughitmayhaveresulted
fromanuncleancontitionof theairfoil~On theuppersurfacethe
pressure’distributionwasaffectedinaboutthesamemanneras if
wedge-shapedthicknesswereaddedto thatsurfacesuchthatthethickness
increasedwithincreasein thechordwiseordinateuntila ridge.linewas ‘“”
reachedwhichcoincidedwiththetopofthe,spoiler.Negativeincrements ,
of normalforceoccurredaheadofthesmiler ina regionof fl~
compression;positiveincrementsoccurredbehindthespoilerinan.
expansionregion.Forallanglesofattacktheregionof influenceof ““
thespoilerextendedaheadontotheleadirig-edgewedgetoa location
lyirgbetweenthefirstorifice(at10percentofthewingchord)and
thesecondorifice(at30percentofthechord).Aheadof thespoiler
themagnitudeof thepressureincrementdecreasedas theangleof

...
attackwasincreased.Thisdecreaseisinaccordancewithshocktheory .
whichindicatesthatthepressureincrementcausedby turningtheflow
througha conqtantanglefromsomereferencesurfacedecreasesin- .
magnitudeas thereferencesurfaceisinclinedawayfrom”theairstream.
Usuallythenegativepressureincrement(positivenormalforce)behind
thespoileralsodecreasedwithincreasingangleofattack.The
magnitudeof thepositivenormal-forceincrementtotherearofthe
spoilerwasnotlarge,andthe‘netincrementinliftloadingcausedby. thespoilerremainednegativeanddecreariedinmagnitudeas theangle
of attackwasincreased,especiallyfrom a = -10°toOO. Sincethe

*
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airfoilwassymmetrical,thedesignationoft~ references“&facesand
signsofangleofattackcanarbitrarilybereversedtopermitconsider-
ationof thecorditionw~re thespoilerispro~ectedfromthelower
surfaceof theairfoil.Forsucha conditionthespoilereffectiveness
increased”withincreasingangleofattackan@jat 10°,wasalmostdouble
theeffectivenessOY theupper-surfacespoiler.Theseresultsindicate
thatrollcontrolwithlittleor nochangeinliftcouldbe obtainedin
thesamemanneraswithflap-typeaileronsona cmpletewingby simultany
eouscontrol.deflection(inoppositedjrectiogs)ofthetwospoilers.

Projectionof the.spoileratthischordwiselocation.wouldcausea
nose-downpitchingmomentabouttheairfoilmidchordpdlnt,mainlyas a
resultoftheliftchamzebehindthespoiler-ratherthanaheadofthe ..
spoilersincethecente~ofthenegati’~e-lift.loadahea-dofthespoiler
aboutcoincidedwiththepitchaxis.

Somewhatsmallerincrementsinloadingweremeasuredat 0.1inch
fromthebodythanweremeasuredfartherout,buttherewerenolarge
effectsof spanwiselocationonthechord~sedistributionoftheadded .
loadingattributedtothespoiler.

ForceandMomentTests

13asictestdatafortheaspect-ratto-2.5wing arepresentedin
figures6 to 10wheretheaerodynamiccoefficientssreplottedagainst
angleofattack.Theseplotsarefor”thewir&withsp6ilerslocated
at the75-percent-chordstationonlyandarei?epresentativeofallthe
experimentaldata.Correspondingbasic-dataplotsforSpoilerslocated
.atthe65-and55-percent-chordstationarethereforeomitted.Cross
plotsofthedataforthevariousspoilerspans,span&e locations,
andchordwiselocationsarepresentedinfi&es 11to 15wherethe
incrementsofthecoefficientsareplottedagainstspoilerprojection
forseveralanglesofattack.SymbolswereUsedintheplotsto show
clearlythetrendsintheaerodynamiccoefficientsandtheincremenxl
valuestakenfromtheunpresenteddata. ..

Effectofangleofattack.-Thesemispc+n-wingtestswerecarried
outpriortothepressure-distributionmeasfi-ements,a“n=,tinfortutitily,
theangle-of-attackrangeselecteddidnotincludethemorenegative
angleswhereinformationconcerningtheeffec:tsof spoilerson thehigh-
-pressuresideofthewi~ wouldhavebeenobtained.Fortheangle-of- ~
attackrangefrom-3°to 6°themagnitudeof-therollingmoment(fig.11)
andlift.effectiveness(fig.12)changedonlyslightly.Thiseffectis
incontrastwiththepressure-distributionda- of fi~e 7,wherethe
normal-forceincrementalloadingtendedto decreasewithincreasingly
positiveangleofattack..Nodefinitevariationoftheincremental
pitchingmomentoccurredwithctingi~”awleofattack.{f~g”13)excePt “’
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forthe0.7~span spoilersprojected0.05candlocatedat theo.65-
U and0.55-cho~dstation.Fortheseconfigurationsthenegativeincrements

decreasedinmagnitudewithincreasingangleofattack.Th~e wasa
reductionofaboutone-halfin thev&lueoftheincrementaldrag
coefficient(fig.14)andnegativeyawing-momentcoefficient(fig.15)aq
theangleofattackwasincreasedfrom-3°to 6°. Abouttwo-thirdsof
theincremental-dragreductionwasduetodecreasingchordforce,whereas
one-thirdresultedfromthechangeininclinationof thenearlyconstant
negativenormal-forcecomponent.Thechangeinyawingmomentwasduemainly
to theincremental-dragchangeratherthantoanyshiftin thespanwise
centerofpressure.

Effectof chordwiselocationon spoilereffectiveness.-Thedataof
figure11 indicatethatrearwardspoilermovementgenerallycauseda small
increaseinrolling-momenteffectiveness.A similarincreasewasnoted
inthefree-flightrockettestsof spoilersonanunsweptwing(refer‘e1).
Thisincreasedrollingeffectivenessws associatedwithan increasei
themagnitudeof thenegativeliftincrement(fig.12)whichoccurredwhen
thespoilersweremovedtowardthetrailingedge,probablybecauseof
decreasingpositiveliftbehindthespoiler.Thepitching-momentincre-

i ments(fig.13)generallybecsmepositivewhenthespoilerwasmoved
rearwsrdtothe0.75cstation.Thispositivechange-indicatesa
sizablerearwardshiftinthelocationoftheeffectivecenterof’the

● negativespoilerliftaswouldbe expectedforrearwardspoilermove-
ment. Themagnitudeofthespoilerdrag(fig.14)didnotseemtobe
affectidby chordwiselocationexceptforthefull-spanconditionwhere
themiddlelocation(at0.65c)causedthegreatestdragriseat lowand
negativeanglesofattack.Thishighdragandthenegligiblepitching
manentsuggestthat,fora midchordcenter-of-gravitylocation,the
0.7~-spa.nspilerslocatedat the0.65-chordstationanddeflectedfrom

thelowersurfacewouldbe mostsuitableforuseas s~ed brakes.

Effectof spoiler-spanardsparxwiselocation”onspoilereffectiveness.-
Maximumvaluesofrollingmoment(fig.l.1)weremeasuredforspoilers
withs~anseqwl to0.7~/2. Thesevaluesvariedalmostlinearlywith
spoilerprojectionthroughouttherangetested.As inboardsectionswere
removed,however,lossesoccurredinrolling-momenteffectivenessthat
resultedinnonlinearatievenzeroeffectivenesscharacteristicsfor
thelowerspoilerprojections,especiallyat thehighestanglesof
attack.Forspoilersprojected0.05c,rolling-momenteffectivenesswas
littleinfluencedby changesinangleofattackregardlessof span.
Whenthe0.25b/2spoilerwasmovedinboardfrom y= equalto0.70b/2to
.o.4~/2,therollingmomentwasnotappreciablyaffectedbecausethe
decreaseinmoment-armlengthwasusuallyoffset-byan increaseinlift

. effectiveness.Thisincreaseinlifteffectivenesswasprobablya
resultofa greaterareaaffectedby thespoilerat theinnerlocation
aswellas freedomfromtheloadinglossesunderthewing-tipMachcone

a whichexistedfortheoutbo
~~”

Theliftandrolling-moment
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effectivenessof thetwo0.25b/2spoilerspro~ectedshnultaneously0.05c
generallyequaledthesw of theirindividualeffectivenessvalues. ?!

Comparison.ofspoilerandflap-ty??econtrol.-Theresultsof these
testshavebeencomparedwiththefkp t-this wing(reference3)
ona basisofequalcon’trolspansandecpml.s~nwiseandchordwiqe
locationsofthespoilersandfla~hingelines.Fora spoilerprojection”
equalto 0.05c,e~lvalenteffectivenessvalvesof CZ and ML were
measuredat flapdeflectionsofapproximately3°,5°,and8° forchord-
wiselocationsoftkespoiler,andfla~hinge”lineof0:55c,0.65c,and
0.75c,respectively. --

A comparison.hasbeenmadein figure16.ofthedragofthetwotypes
ofcontrolsfortheconditionofequalrolling-momenteffectiveness
(CZt=O.007)forcontrolsextendingfromthe.bodytoO.95b/2andlocated
at 0.75c.As theangleofattackwasincrea8ed,flap”dragincreasedand
spoilerdragdecreasedandthecurvesappear:toconvergeatan arigle of
about6.0..It shouldbe pointedoutthatthe,valueof C2 of0.007w~d:--”
be aboutthemaximumthatcouldbe expectedfromprojectinga simplet~
of spoilerbecausetheaveragerequiredheig,htofO.O~cwasaboutequal
tothewingt.hlcknessatthespoilerlocat~op.Much~ighertiirnumvaketi
ofrollingmomentthanthisvaluecouldbe o~tainedwith&eatirflap

, deflection,probablyattheexpenseofhighhingemoments..Forthis :
equalrolling-momentcondition,thevalueof”thepitchir@xqomentcaused.
by spoilerpro~ectionwasaboutone-fourtht.ktcaused by flapdeflection..
Withoppositedeflectionof thecontrolsat th.ssmetimeona com~lete
wing,thespoilerwouldpro.duncea @ightly“@eater&nounbofadverse
yawingmomentandconsiderablymoredragthanwouldtheflqpforangles
ofattackup to6°.

—

..=

—

>

–J
. ——
., —

-c

.-

—.

Theresultspointoutthat,forcertainconditions,spoilerscompare ‘“””
favorablywithflapsas controldevicesandmeritfurtherinvestigation,
particularlyatmoderateandhighangles.ofattackfotioppositelydeflected —
arrangementsthrougha widerangeofMachnujnbers. ,.-.: ..

CONCLUDINGREMARKS

A briefinvestigationbasbeenmadeof,,spoilersintheLangley9-”by
12-inchsupersonicblowdowntunnel.Theresultsofpressure-distribution
testsofanunsweptairfoilat M = 1.96 i@icatetfitspoilerscould-%e
oppositely“deflectedina mannersimilartoflap-typeaileronstoobtain
rollcontroltithoutlossinlift.Project40n,o~.a s~ilerfromthe

.airfoilsurfaceaffectedthechordwiseloati”ngofand~”alrfoilinmuch
thesamewayas ifwedge-shapedthicknessw~e addedto thatsurfaces,uch,
thatthethicknessincreasedwithincreaseinchordwiseordinate”until
a ridgelinewasreachedwhichcoincidedwiththetop~ofthespoiler.

.-—. ~
. .

.
..’. . .
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Whentheangle
u ofthespoiler

~~ ““
ofattackwasincreasedfrom0° to 10°,theeffectiveness
projectedfromtheuppersurfaceshoweda slightdecrease,

whereastheeffectivenessofthesmilerprojectedfromthelowersurface
wasalmo,stdoubletheeffectivenessof theupper-surfacespoiler.Spoiler
effectivenesswasnotgreatlyinfluencedby thepresenceofa body.

Theresultsof forceandmomenttestsofanunsweptsemi.span.$chg
ofaspectratio2.5at M = 1.9 indicatethattheeffectivenessof a
spoilerdeflectedfromtheuppersurfacewasusuallyincreasedas the
spoilerlocationwasmovedtowardthetrailingedgeandwaslittle
affectedby inboardmovement.Full-spanspoilershadthemostlinear
variationofeffectivenesswithprojection.Spoilerdrag,whichwas
highat negativeanglesofattack,decreasedrapidlyas theangleof
attackwasincreased.Thedataindicatethat,forcontrolslocatednear
thewingtrailingedgeandprovidingthesameamountofrollcontrol,
spoilerdragapproachedflapdragatanangleofattackof.about6°. With
oppositedeflectionofthecontrolsat thessmetimeona completewing,
thespoilerswouldhavea slightlygreateramountofadverseyawing
momentthanwouldflaps.

Theresultspointout the needforfurtheritivestigationof spoilers
& withregardtolear@ngmQreabouttheircharacteristicsatmoderate

andhighanglesofattackforoppositelydeflectedarrangementsthrough
5 a wideMachnumberrange.

LangleyAeronauticalLaboratory
NationalAdvisoryCcxmnittee

LangleyField,Va.

.

forAeronautics

.>...a*.. -
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Figure 2.- Photographof semis~ modeland spiler-t~ control.
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